Abstract Near-and mid-IR absorption spectra of endohedral H 2 @C + 60 have been measured using He-tagging. The samples have been prepared using a 'molecular surgery' synthetic approach and were ionized and spectroscopically characterized in the gas phase.
Introduction
Endohedral H 2 @C 60 can be synthesized in macroscopic quantities using a 'molecular surgery' approach.
1 This has already led to numerous investigations of H 2 @C 60 , using methods such as NMR 2, 3 or IR absorption spectroscopy. 4, 5 The H 2 inside C 60 has enough space to behave like an almost free gas-phase molecule; however, confinement leads to observable coupling of its' rotational, vibrational and translational degrees of freedom. 4 Recently, five of the many diffuse interstellar bands (DIBs) 6 have been assigned to C + 60 using He-tagging spectroscopy in the Basel cryogenic ion trap. 7 This observation together with the fact that hydrogen is the most abundant element in the Universe, raises the questions of whether endohedral H 2 @C 60 might be formed in Space as well and under which conditions. 8 In contrast to the exohedral van der Waals complexes, endohedral H 2 @C is demonstrated by the fact that this ion can be observed in electron ionization (EI) mass spectra of sublimed H 2 @C 60 . In order to find out whether H 2 @C + 60 is present in Space and provide guidance for astronomy, we investigated optical spectroscopic signatures of H 2 @C + 60
in the near IR range.
Experimental Methods
The experiments have been performed using the cryogenic wire quadrupole ion trap of the Prague instrument ISORI (Infrared Spectroscopy of Reaction Intermediates), described in detail in Jašík et al. 9 , 10 , 11 . Many details concerning the production and cooling of fullerene ions and tagging them with helium atoms can be found elsewhere. We present the spectra either as attenuation spectra, plotting 1 − N(ν)/N 0 , or we correct in first order for non-linear attenuation by calculating relative cross section using the 
Results and Discussion
Vibrational spectroscopy. Table 1 . Electronic spectroscopy. (Fig. 3) . Hence, importantly the near-IR absorption spectra of C + 60 and H 2 @C + 60 can be clearly distinguished. We fitted the spectra with Lorentzian functions and present the obtained fit parameters in Table 2 . Because of the limited time for the measurements, we did not obtain absolute cross sections of the observed H 2 @C + 60 -He absorption bands, which require power dependence measurements. However, we used identical experimental settings for both measurements: C + 60 -He and H 2 @C + 60 -He. Thus the measured absorption intensities for both systems are comparable (Fig. 3) , and therefore the absolute absorption cross sections should be also similar. . 21 The external molecule/atom adsorption on C + 60 molecules mostly leads to red shifts in the near-IR spectra. 21 Conversely, we observe a considerable blue shift in the spectrum of the endohedral H 2 @C + 60 ion.
Conclusion
Gas-phase mid-IR and near-IR measurements show distinct spectral differences between Figure S2 : Comparison of our near-IR data to the Campbell et al. 7 . Here the vacuum wavelengths were converted to the air wavelengths used in Campbell et al. 7 .The data points from Campbell et al. 7 have been digitized using WebPlotDigitizer . 
